The viscosities and densities of the ternary mixtures water + ethyl acetate + ethanol and their constituent binaries have been measured at 298.15 and 318.15 K and atmospheric pressure. The excess molar volumes, V m E , and viscosity deviations, ∆η, were calculated from density and viscosity, respectively. A rational function due to Myers and Scott was used to describe the composition dependence of these properties. To describe the ternary system, binary pair additivity and the Pando et al. rational functions for the ternary contributions (∆η T and V T E ) were considered.
Introduction
The extensive information on the thermodynamic and transport properties of liquid mixtures is needed in multiple industrial process areas such as fluid flow and heat and mass transfer and also for the development of theoretical research on molecular interactions in solutions. The systems alkanol + alkanoate are of great interest from a theoretical point of view because in mixing processes the breaking of H-bonded structures of the alcohol occurs and the formation of new H-bonded molecular species between the alcohol and the ester takes place. 1 Ternary mixtures are the easiest multicomponent systems to treat experimentally and represent the appropriate ground for the application of correlation and prediction models.
The present work is part of a research program which has been developed in our laboratory that aims to provide density, viscosity, and surface tension data for ternary and binary subsystems of the type water + alkanoate + alkanol at different temperatures. 2, 3 These data are particularly important in the pharmaceutical, food, and flavor industries.
We report in this paper the density, F, and the dynamic viscosity, η, for the ternary mixtures of water + ethyl acetate + ethanol and its binary constituents at 298.15 and 318.15 K and atmospheric pressure.
The performance of different analytical V m E models for the correlation and for the prediction have been studied in the literature. 4 The conclusion is that the models including polynomial rational functions give low standard deviations. These kind of functions found a wide acceptance and have been applied to the excess enthalpy, H E,5 , and excess Gibbs energy, G E . 6 The polynomial rational functions were first proposed by Myers and Scott. 7 They have been used in this study together with the rational functions of Pando et al. 8 to correlate excess molar volume and viscosity deviation.
Experimental Techniques
Materials. Tridistilled water was used. Ethanol (Cromasolv, HPLC grade) was supplied with a mass fraction purity better than 0.998. Ethyl acetate was supplied by Riedel de Häen with a stated purity better than 0.997. The measured viscosities and densities of the three components together with values found in the literature are presented in Table 1 .
Measurements. Viscosities were measured by the Haake Falling Ball viscosimeter (Hoppler design), calibrated with tridistilled water. An electronic digital stopwatch, with an uncertainty of ( 1‚10 -2 s, was used to measure the falling time of the ball. A borosilicate ball with a 15.81 mm diameter and with a density of 2.2186 g‚cm -3 was used.
Densities were measured in an Anton Paar DMA 60 digital vibrating tube densimeter, with a DMA 602 measuring cell. Air and pure water were used for the calibration of the densimeter. The temperature maintenance and control were performed using an Ultraterm P Selecta thermostatic water bath, which has a temperature uncertainty of ( 1‚10 -2 K. In the case of density measurements, the Pt resistance thermometer (calibrated against a standard mercury thermometer, graduated in 0.01 K, certified by NPL, U.K.) was placed inside the vibrating tube densimeter to find the actual temperature of the measurements.
Mixtures were prepared by mass using a Mettler AT 200 balance with a precision of ( 1‚10 -5 g. The uncertainty of the mole fraction is estimated to be of the order ( 1‚10 -4 . The measurement of both properties was accomplished using the following methodology. A binary mixture was used as a starting point of measurements in the water (1) + ethanol (3) or ethyl acetate (2) + ethanol (3) systems. The ternary data were obtained following lines of constant molar fraction ratio of z ) x 3 /x 1 and z ) x 3 /x 2 , respectively.
Uncertainties. Densities were measured with an uncertainty of ( 1‚10 -5 g‚cm -3 . Having in mind that the error in the excess molar volume, V m E , is determined by the uncertainties in mole fraction and density, the maximum error in V m E resulting from the propagation law of errors is ( 1‚10 -3 cm 3 ‚mol -1 . Taking into consideration the uncertainties in the measured time and in the density, the experimental uncertainty in the viscosity is ( 1‚10 -3 mPa‚s. 
Experimental Results and Discussion
In Tables 2 and 3 , the densities, F, are listed as a function of the composition at the two temperatures. In the same tables, the excess molar volumes, V m E , of the mixture were obtained from the measured density by 
where x i , M i , and F i are the mole fraction, the molecular weight, and the measured density of the pure component i, respectively.
The calculation of the dynamic viscosity, η, is done using the equation 
where t is the falling time of the ball measured with the stopwatch. K is a calibration constant, and F b represents the density of the ball. The viscosity deviations, ∆η, were obtained using the expression where η is the measured mixture viscosity and η i represents the pure component viscosity. The viscosity measurements were made for different compositions than those made for the density measurements because they were not performed simultaneously.
For that reason, the density value needed to obtain the viscosity from eq 2 was calculated with eq 1 with a fitted equation for V m E .
In Tables 4 and 5 the viscosities, η, for the ternary system and constituent binaries at 298.15 and 318.15 K are shown.
The dependence of binary V m E and ∆η on composition, X ij , can be described by a flexible equation proposed by Myers and Scott 7 where z ij ) x i -x j . B k and C l are adjustable coefficients obtained from the fitting of eq 4 to V m E or ∆η. The ternary data were correlated by the following equation where X 123 represents ∆V 123 E and ∆η 123 for the ternary mixtures; X ij are functions for the same properties, obtained by fitting eq 4 to binary data; and X T is a ternary contribution. To express X T , the Pando et al. expression 8 was used. We have realized that three adjustable parameters were enough in eq 6 to reproduce the experimental data, and the use of more parameters does not improve the fitting. Table 6 presents the coefficients B k and C l of eq 4 fitted to binary V m E and ∆η data. The standard deviation, σ, and the average absolute deviation, AAD, of the corresponding fittings are also shown. The coefficients corresponding to the fitted eq 6 of the ternary data are also presented. The σ and the AAD of the fittings are defined as usual and where N and m represent the number of experimental points and parameters, respectively, and X stands for V m E and ∆η. In Figure 1a and b, we have plotted the experimental and fitted values of V m E at 298.15 K for the binary systems water + ethanol and ethyl acetate + ethanol as a function of the composition of water and ester, respectively.
As can be seen, our data for the water + ethanol system are in good agreement with the literature values. For the ethyl acetate + ethanol system, our experimental values agree with those obtained by Hu et al. 21 and show significant deviations from the data reported by Ortega et al. 20 Plots of the excess molar volume at 318.15 K for the same binary systems are shown in Figure 1c and d. As the water + ethyl acetate system shows a short miscibility range, the data were not plotted although they have been used in correlation.
We have found in the literature excess molar volumes for ethyl acetate with methanol and with 1-propanol at 298.15 and 318.15 K. 1 It is interesting to compare the relative magnitude of the V m E values for the equimolar mixtures. At 298.15 K, these systems have V m E (x ) 0.5) values of -0.07, +0.14 (this work), and +0.24 cm 3 ‚mol -1 for methanol, ethanol, and 1-propanol, respectively. The corresponding values at 318.15 K are -0.12, +0.28 (this work), and +0.30 cm 3 ‚mol -1 . The increasing V m E values with increasing chain length of the alcohol may be explained by the reduction of intermolecular association between the molecules of the pure species (hydrogen bonding in alcohols and dipolar interactions in esters) and to a more difficult accommodation of the ester and alcohol molecules. 
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In Figures 2 and 3 , we compare experimental and calculated V m E values for the ternary system at 298.15 and 318.15 K as a function of x 2 for different values of z ) x 3 /x 1 . The values of the excess molar volume were obtained from eq 5 with the ternary contribution, V T E , defined by eq 6. The experimental values of V m E agree quite well with the calculated ones from the correlations. We have compared our ternary density data with those due to Resa et al. 24 Considering X ) F in eq 8 with F calcd calculated from our correlations and F exptl being the experimental values of Resa et al., 24 we obtained AAD values less than 0.1 % at the two temperatures.
The experimental and fitted values of the viscosity deviations at 298.15 and 318.15 K for the systems water + ethanol and ethyl acetate + ethanol as a function of the compositions of water and ester, respectively, are compared in Figure 4 . In this figure, we have plotted also values taken from the literature. For the system water + ethanol, the literature values are in excellent agreement with our data. For the ethyl acetate + ethanol system, the data of Nikam et al. 11 at 298.15 K deviate significantly from our values. It can be observed that the absolute values of ∆η decrease with the temperature for a fixed composition at both temperatures. In Figures 5 and 6 , we compare the experimental and fitted viscosity deviations at the two temperatures studied for the ternary system as a function of x 2 for different values of z ) x 3 /x 1 . The experimental and the calculated values of ∆η show good agreement.
Conclusions
Experimental viscosities and densities of water + ethyl acetate + ethanol were measured at 298.15 and 318.15 K and atmospheric pressure. The excess molar volume, V m E , and the viscosity deviations, ∆η, have been well correlated using rational functions. Our V m E binary data are in close agreement with those taken from the literature at 298.15 K. For the viscosity deviation of both binary systems, the same conclusion can be drawn. The ternary V m E and ∆η behavior is well described using additivity of binaries and a ternary term with only three coefficients.
Note Added after ASAP Publication. This paper was published ASAP on May 8, 2007 . Data in Table 1 were changed. The updated paper was reposted on June 8, 2007.
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